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Edited by Gianni CesareniAbstract We previously searched for interactions between plant
telomere-binding proteins and found that AtTRB1, from the sin-
gle-myb-histone (Smh) family, interacts with the Arabidopsis
POT1-like-protein, AtPOT1b, involved in telomere capping.
Here we identify domains responsible for that interaction. We
also map domains in AtTRB1 responsible for interactions with
other Smh-family-members. Our results show that the N-termi-
nal OB-fold-domain of AtPOT1b mediates the interaction with
AtTRB1. This domain is characteristic for POT1- proteins
and is involved with binding the G-rich-strand of telomeric
DNA. AtPOT1b also interacts with AtTRB2 and AtTRB3.
The central histone-globular-domain of AtTRB1 is involved with
binding to AtTRB2 and 3, as well as to AtPOT1b. AtTRB1-het-
erodimers with other Smh-family-members are more stable than
AtTRB1-homodimers. Our results reveal interaction networks of
plant telomeres.
Structured summary:
MINT-6440051:AtTRB1 (uniprotkb:Q8VWK4) physically interacts (MI:0218)
with AtTRB1 (uniprotkb:Q8VWK4) by two-hybrid (MI:0018)
MINT-6440068:
AtTRB2 (uniprotkb:Q8VX38) physically interacts (MI:0218)
with AtTRB1 (uniprotkb:Q8VWK4) by two-hybrid (MI:0018)
MINT-6440083:
AtTRB3 (uniprotkb:Q9M2X3) physically interacts (MI:0218)
with AtTRB1 (uniprotkb:Q8VWK4) by two-hybrid (MI:0018)
MINT-6440099:
AtPOT1b (uniprotkb:Q6Q835) physically interacts (MI:0218)
with AtTRB1 (uniprotkb:Q8VWK4) by two-hybrid (MI:0018)
MINT-6440119:
AtPOT1b (uniprotkb:Q6Q835) physically interacts (MI:0218)
with AtTRB2 (uniprotkb:Q8VX38) by two-hybrid (MI:0018)
MINT-6440138:
AtPOT1b (uniprotkb:Q6Q835) physically interacts (MI:0218)
with AtTRB3 (uniprotkb:Q9M2X3) by two-hybrid (MI:0018)
MINT-6440216:
AtPOT1b (uniprotkb:Q6Q835) physically interacts (MI:0218)
with AtTRB1 (uniprotkb:Q8VWK4) by coimmunoprecipitation
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AtTRB2 (uniprotkb:Q8VX38) physically interacts (MI:0218)
with AtTRB1 (uniprotkb:Q8VWK4) by coimmunoprecipitation
(MI:0019)
MINT-6440177:
AtTRB3 (uniprotkb:Q9M2X3) physically interacts (MI:0218)
with AtTRB1 (uniprotkb:Q8VWK4) by coimmunoprecipitation
(MI:0019)
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Telomere proteins play a role in the protection and mainte-
nance of chromosome ends. In human cells, the minimal func-
tional set of proteins participating in telomere protection is
collectively called ‘‘shelterin’’ [1]. Shelterin consists of three
proteins (TRF1, TRF2 and POT1) that directly recognize telo-
meric DNA and are interconnected by at least three other pro-
teins (TIN2, TPP1 and Rap1), forming a telomere-speciﬁc
protective cap. Similar complexes are also likely to exist in
plants and these are particularly attractive to study due to
the telomerase-competent status (i.e., reversible telomerase
activity regulation) of plant somatic cells [2,3]. A number of
putative plant telomeric proteins have been found by homol-
ogy searches of DNA and protein sequence databases and
tested for their aﬃnity to telomeric DNA sequences in vitro
(reviewed in [4]). There is however very little data relevant to
their telomeric function. Of the putative ‘‘plant shelterin’’ com-
ponents, functional data relevant to telomere homeostasis is
available for two Arabidopsis thaliana POT1-like proteins, At-
POT1a and AtPOT1b. These proteins contain the oligonucleo-
tide-binding (OB) fold domain which binds to the G-rich
strand of telomeric DNA but their overall sequence similarity
is low (49%). The functions of AtPOT1a and AtPOT1b pro-
teins are diﬀerent: AtPOT1a functions mainly in telomerase
regulation, while AtPOT1b contributes to chromosome end-
protection and genome stability [5–9].
Recently, another Arabidopsis protein, AtTBP1, has been
shown to be involved in telomere length regulation [10]. Thisblished by Elsevier B.V. All rights reserved.
Table 2
Complete list of primers used for cloning
Primer Restriction
site
Sequence of primer (50 ﬁ 30)
POT1b F BamHI ATGGATCCTAATGGAGGAGGAGAGAAGAG
POT1b F1 BamHI ATGGATCCTAAAGATTGTGCTGATTAACC
POT1b F2 BamHI TAGGATCCACTTCTTATCGAATCTGAGAG
POT1b F3 BamHI TTGGATCCTTAAGTCAGAAAGGCTTC
POT1b R XhoI ATTCTCGAGTCATGAAGCATTGATCCAAG
POT1b R1 XhoI TTACTCGAGCCCTTCATCAGCATATAGAG
POT1b R2 XhoI TTACTCGAGCCTGTGATTTCAGAATGTG
POT1b R3 XhoI TTACTCGAGGGTTGAAGACAGTGAATG
POT1b R4 XhoI TTACTCGAGATCTTCAAACTTGTACGTG
POT1b R5 XhoI CTTCTCGAGGGTTAATCAGCACAATCTTTA
TRB1 F BamHI ATGGATCCGAATGGGTGCTCCTAAGCAG
TRB1 F1 BamHI CGGGATCCAAGATGCGACCTCTGGACTCC
TRB1 F2 BamHI GAGGATCCAAGGTCTGGGGGTGTTTGGA
TRB1 F01 BamHI CGGGATCCTAGTCATGGCAAATGGCTGG
TRB1 R XhoI TGGCTCGAGAGGCACGGATCATCATTTTG
TRB1 R1 BamHI TCGGATCCTCCAAACACCCCCAGACC
TRB1 R2 BamHI GAGGATCCGGAGTCCAGAGGTCGCATC
TRB1 R12 BamHI CAGGATCCGCGTTTGAAGTCTGGTGGAG
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characteristic Myb-like domain, referred to as a telobox, lo-
cated at its C-terminus [11,12]. To identify other components
of ‘‘plant shelterin’’, we analyzed a number of putative A. tha-
liana telomere proteins for their mutual interactions. We previ-
ously found that AtTRP1, the Arabidopsis myb-like protein
bearing a C-terminal telobox, interacts with AtKu70 [5], which
itself plays a role in plant telomere homeostasis [13,14]. Fur-
thermore AtTRP1 may be a functional homolog of mamma-
lian TRF2 [5]. In addition, an Arabidopsis POT1-like
protein, AtPOT1b, interacts with AtTRB1, a protein from
the single myb histone (Smh) family [5]. The Smh family is
characterised by a unique triple motif structure containing a
N-terminal myb-like domain, a central GH1/GH5 histone
globular domain and a C-terminal coiled-coil domain [15].
Proteins of this family in Arabidopsis show speciﬁc binding
to telomeric DNA and can form homo- and heteromeric pro-
tein–protein complexes [16].
The abundance of candidate telomere proteins in plants,
arising from numerous paralogs of telomere-binding protein
and plant-speciﬁc proteins, coupled with an apparent absence
of some constitutive animals and fungi shelterin components,
makes imperative analyses of interactions between the candi-
date plant telomere proteins. Using a combination of the yeast
two-hybrid system (Y2H) and co-immunoprecipitation
(CoIP), we characterise here the protein domains involved in
interactions between AtTRB1 and AtPOT1b, as well as do-
mains engaged in the formation of homomeric and hetero-
meric complexes of AtTRB proteins.2. Materials and methods
2.1. Cloning of full length proteins and their deletion variants for two-
hybrid assay
An overview of cloned candidate telomeric DNA-binding proteins is
given in Table 1. cDNA sequences of AtTRB1, AtTRB2, AtTRB3 and
AtPOT1b have been cloned as described previously [16]. To localize
the interaction domains the deletion forms of AtTRB1 and AtPOT1b
were generated by PCR and cloned into the vector pGBKT7 or
pGADT7, respectively. Sequence-speciﬁc primers with restriction sites
were used for cloning individual cDNAs as shown in Table 2.
To localize the interaction domain(s) in AtTRB1, cDNA fragments
were cloned in pGADT7 and denominated according to primers used
(for example, the fragment F1R1 was generated using TRB1 F1 as for-
ward and TRB1 R1 as reverse primers – see Figs. 1A and 2B). Simi-
larly, AtPOT1b fragments were generated to localize the region of
AtPOT1b responsible for interaction with AtTRB1 (see Fig. 2C).
Prior to two-hybrid screening, cloned constructs were checked for
the correct reading frame and absence of mutations by DNA sequenc-
ing on an ABI PRISM 310 sequencer (Perkin–Elmer).
2.2. Yeast two-hybrid (Y2H) system
Two strains of Saccharomyces cerevisiae, PJ69-4a and PJ69-4a were
used [17]. Protein AtPOT1b, its deletion variants and AtTRB2, AtT-
RB3 were expressed from the yeast vector pGBKT7 in strain PJ69-
4a, and AtTRB1 and its fragments from vector pGADT7 in strainTable 1
Overview of cloned proteins
Protein Protein group Characteristic dom
AtTRB1 dsDNA binding N-terminal Myb d
AtTRB2 Proteins
AtTRB3
AtPOT1b ssDNA binding proteins Pot1 domainPJ69-4a. This division enabled proper combining of the proteins and
their deletion variants in interaction assays. Both strains, identical ex-
cept for the mating type, were mixed on Petri-dishes with YPD med-
ium (1.1% yeast extract, 2.2% bacteriological peptone, 2% glucose
and 2% agar) to fuse yeast haploid cells of diﬀerent strains, and incu-
bated at 30 C for 8–10 h. The diploid cells were printed by velvet
stamp onto control -Leu,-Trp selective plates (0.67% yeast nitrogen
base, 2% glucose, 0.12% amino acid mixture without Leu and Trp,
2% agar, pH adjusted by NaOH to 6.8) and then onto -Ade selective
plates to test the interaction (0.67% yeast nitrogen base, 2% glucose,
0.12% amino acid mixture without Ade, 2% agar, pH adjusted by
NaOH to 6.8) and were incubated at 30 C for a few days until colo-
nies had grown. Alternatively, PJ69-4a cells were cotransformed with
both pGBKT7 and pGADT7 plasmids and grown on -Leu,-Trp plates.
Colonies were inoculated into YPD liquid medium and incubated at
30 C overnight. Ten-times diluted aliquots were dropped onto both
-Ade and -His plates. For a semi-quantitative test, 5 ll aliquots were
dropped onto selective -His plates containing increasing concentra-
tions of 3-aminotriazol (3-AT). As the 3-AT inhibits His3 activity,
the ability of yeast cells to grow on higher concentrations correlates
with the higher binding aﬃnity of the hybrid proteins.
To verify our results we also used the yeast strain MaV203, where
the His3-reporter gene is under a less tightly controlled promoter
(Invitrogen). The drop test was executed in the similar way as with
the PJ69 strain.
2.3. In vitro translation and co-immunoprecipitation
Proteins were co-expressed from the same constructs as were used in
Y2H system with an hemagglutinin tag (pGADT) or a myc-tag
(pGBKT) by use of the TNT Quick Coupled Transcription/Transla-
tion System (Promega) in 15–25 ll of each reaction according to the
manufacturers instruction. For Myc pull-down experiments, 15–
25 ll of in vitro-expressed proteins in total volume of 100 ll of HEPES
buﬀer (25 mM HEPES, 150 mM KCl, 50 mM NaCl, 3 mM MgCl2,
10% glycerol, 0.1% NP-40, 1 mM DTT, 2 mM PMSF, 2 lg/ll leupep-
tine, 1 lg/ll pepstatine) were mixed with 1 lg anti-Myc-tag polyclonal
antibody (Abcam) and incubated overnight at 4 C (Input fraction).
10 ll of Protein G magnetic particles (Dynabeads, Invitrogen-Dynal)
were then added, and the mixture was incubated for 1 h/4 C (Un-ain GenBank accession number Reference
omain AAL73123 [16]
AAL73441 [17]
NP_190554
NP_196249 [5,9,23]
Fig. 1. Histone GH1/GH5 globular domain of AtTRB1 binds to AtTRB1, 2 and 3 protein. (A) The AtTRB1 protein contains a myb-like domain
(myb-like), followed by GH1/GH5 histone globular domain and C-terminal coiled-coil domain (coiled-coil). Full-length (FL) AtTRB1, F1R (aa 101–
300), FR1 (aa 1–201), F01R1 (aa 58–201), FR12 (aa 1–159), F01R12 (aa 58–159), F2R (aa 196–300), FR2 (1–106), F1R1 (aa 101–201) fragments (in
PJ69-4a yeast strain) are combined with AtTRB1 FL, AtTRB2 FL, AtTRB3 FL two-hybrid constructs (in PJ69-4a yeast strain) and the diploid cells
are tested on -Ade plates (-Ade) for protein–protein interactions (top and middle panel). Only fragments containing the GH1/GH5 histone globular
domain interact with all three AtTRB proteins. The PJ69-4 cells containing the F1R1 construct are also tested on -His plates with 2 mM
concentration of 3-AT (-His/2 mM). Only the interactions of F1R1 with AtTRB2 and AtTRB3 are detectable (bottom panel). Empty pGBKT7 (right
panel) and pGADT7 vectors are used as negative controls. (B) AtTRB2 and AtTRB3 proteins are able to pull-down F1R1 fragment. The TNT
expressed full-length AtTRB1 FL (lanes 1–3), AtTRB2 FL (lanes 4–6) and/or AtTRB3 FL (lanes 7–9) proteins were mixed with AtTRB1 GH1/GH5
fragment (F1R1, lanes 1–12) and incubated with anti-myc antibody overnight. Then protein G magnetic beads were added and proteins were
immunoprecipitated for 1 h. In the control experiment, the F1R1 fragment was incubated with antibody and beads in the absence of partner protein
(lanes 10–12). Input (I), unbound (U), and bound (B) fractions were collected and run in SDS–12% PAGE gels.
1402 P.P. Schrumpfova´ et al. / FEBS Letters 582 (2008) 1400–1406bound fraction). The beads were washed ﬁve times with HEPES buﬀer
and then incubated with 10 ll of SDS-loading buﬀer for 10 min/85 C
to elute bound proteins (Bound fraction). Input, unbound, and bound
fractions were separated by 12% SDS–PAGE and analyzed by
STORM860 (GE Healthcare).3. Results
3.1. Interactions between AtTRB proteins
We have shown previously that the telomere-binding pro-
teins AtTRB1, AtTRB2, and AtTRB3 form homodimeric
and heterodimeric complexes in Y2H assays [5,16]. These pro-
teins are similar to each other at the level of amino acid se-quence and belong to the same family of Smh proteins [15].
In contrast to other myb-like telomere-binding proteins, in
Smh proteins the myb-like domain is N-terminal. The myb-like
domain is followed by GH1/GH5 histone globular domain and
a C-terminal coiled-coil domain (Fig. 1A). Interactions of
AtTRB proteins were expected to be mediated by the C-termi-
nal coiled-coil domain because this domain supports protein
oligomerization [18]. Therefore, we designed two deletion mu-
tants AtTRB1 F1R (aa position 101–300) and AtTRB1 F2R
(196–300) that comprised the C-terminus. Each construct
was transformed into PJ69-4a two-hybrid strain and crossed
with PJ69-4a containing full-length (FL) AtTRB constructs.
Only AtTRB1 F1R construct containing both coiled-coil and
Fig. 2. Histone GH1/GH5 globular domain of AtTRB1 binds to the N-terminus of the AtPOT1b protein. (A) Full-length AtPOT1b FL interacts
with AtTRB1 FL, AtTRB2 FL and AtTRB3 FL in two-hybrid assay when scored for growth on -His plates (for Y2H details see Fig. 1A). (B) Yeast
two-hybrid cells containing FR1 (aa 1–201), F01R1 (aa 58–201), FR12 (aa 1–159) fragments are combined with AtPOT1b FL and tested on -Ade
plates for protein–protein interactions. Only fragments containing the GH1/GH5 histone globular domain interact with the AtPOT1b protein. (C) In
the co-immunoprecipitation assay, the TNT expressed AtTRB1 FR1 fragment (lanes 1–6) was mixed with full-length AtPOT1b FL protein (lanes 4–
6) and incubated with anti-myc antibody (same conditions as in Fig. 1B). In the control experiment, the FR1 fragment was incubated with antibody
and beads in the absence of the partner protein (lanes 1–3). (D) The PJ69-4a cells containing AtTRB1 fragment F1R1 (aa 101–201) were
cotransformed with full-length (FL) and/or following fragments F2R (aa 135–454), FR4 (aa 1–150), FR5 (aa 1–90) of AtPOT1b. Transformants
containing FL, FR4 and FR5 fragments grow on -Ade plate (ﬁrst column), however, a weak self-activation can be seen with FR4 fragment on a
control plate (second column). When these cells were grown on -His plates with increasing concentrations of 3-AT the addition of 3-AT to 5 mM
concentration abolishes the self-activation of FR4 (fourth column) while keeping its speciﬁc interaction with the F1R1 fragment of AtTRB1 (third
column). These results suggest that the AtTRB1-AtPOT1b interaction is mediated by the binding of the GH1/GH5 domain of the AtTRB protein to
the N-terminus (bearing the OB-fold domain) of the AtPOT1b protein.
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PJ69-4 diploid strain on -Ade plates (Fig. 1A, top panel), sug-
gesting that the interactions are not mediated by the coiled-coil
region. Instead, interactions between all three AtTRB proteins
and fragments containing the GH1/GH5 histone globular do-
main were observed, in particular AtTRB1 FR1 (1–201), AtT-
RB1 F01R1 (58–201) and AtTRB1 F1R1 (101–201).
Fragments containing truncated or completely deleted GH1/
GH5, as in the AtTRB1 FR2 (1–106), AtTRB1 F01R12 (58–159) and AtTRB1 FR12 (1–159) constructs, lost the interac-
tion with AtTRB1, as well as with the other AtTRB proteins.
Thus, the shortest AtTRB1 fragment displaying the interaction
with AtTRB proteins is F1R1 (101–201), which contains a
GH1/GH5 domain and short ﬂanking regions (Fig. 1A, middle
panel).
The PJ69-4 cells containing the F1R1 construct were also
grown on -His plates with increasing concentrations of
3-amino-1,2,3-triazol (3-AT) to compare binding aﬃnities to
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only the interactions of F1R1 with AtTRB2 and AtTRB3 were
detected (Fig. 1A, bottom panel). To verify these results we
used another two-hybrid strain (MaV203 strain has His3-re-
porter gene under a less tightly controlled promoter). When
the full-length AtTRB1 or its FR1 fragment (covering both
myb-like and GH1/GH5 domains) was used in the His-repor-
ter assay, interactions with all three AtTRB proteins were po-
sitive up to 5 mM 3-AT. A further increase of 3-AT to 20 mM
resulted in a loss of interaction with AtTRB1, while keeping
interactions with AtTRB2 and 3 (Supplementary Fig. S1).
Altogether, these data suggest that heterotypic complexes of
AtTRB1 are more stable than homotypic ones.
To test the above Y2H results by an independent approach,
co-immunoprecipitation (CoIP) assays were performed with
the above AtTRB1 fragments. In particular, interactions were
assayed between F1R1 and the three AtTRB proteins. Fig. 1B
shows that the myc-tagged AtTRB2 and AtTRB3 proteins are
able to pull-down the F1R1 fragment while the full-length
AtTRB1 is not. These results conﬁrm a low aﬃnity of the
GH1/GH5 domain of AtTRB1 to full-length AtTRB1 (insuﬃ-
cient to provide a positive result in CoIP) and a higher aﬃnity
to both AtTRB2 and AtTRB3.Fig. 3. Schematic depiction of the principal telomere components and thei
ubiquitously present telomere-associated proteins, termed as shelterin [1], c
TRF2), and recruit the shelterin components TIN2, TPP1 and Rap1. The six
protein, POT1. In addition to its binding to the G-strand of telomeric DNA,
Transitions between these states are illustrated with arrows. Examples of fun
also shown. In plants (B), a number of TRF-like proteins, exempliﬁed here by
bind telomeric dsDNA with their C-terminal telobox Myb-like domain [11,1
providing thus (in similarity to other organisms) association of Ku-heterod
possible direct DNA-binding. Besides the TRF-like proteins, plant possess t
myb-like domain, a central GH1/GH5 histone globular domain and a C-term
heteromeric complexes among each other using their central GH1/GH5 doma
(not shown), the interaction possibly important to avoid protein aggregatio
interact (using the same GH1/GH5 domain) with AtPOT1b [5], one of the PO
end-protection [6]. It is noteworthy that AtPOT1b uses the same domain (
AtTRB proteins. Transitions of AtPOT1b between its DNA- and SMH-ass
telomeres and for its protective function. The other AtPOT1 paralog, AtPOT
The presence of two functionally divergent POT1-like proteins in Arabid
conformation is shown and nucleosomes are not depicted for simplicity.3.2. AtTRB1 interaction with AtPOT1b
The protein AtPOT1b is thought important for ‘‘chromo-
some capping’’ in A. thaliana and interactions previously de-
tected with AtTRB1 may be of functional signiﬁcance [5,6].
Fig. 2A shows that the interaction of AtPOT1b is not limited
to AtTRB1, but also occurs with AtTRB2 and AtTRB3 pro-
teins (Fig. 2A).
For mapping the interaction between the AtTRB1 and At-
POT1b the same AtTRB1 fragments in PJ69-4a cells (see
Fig. 1A) were crossed with PJ69-4a cells containing full-length
AtPOT1b. Only the diploid cells with AtTRB1 fragments con-
taining the GH1/GH5 domain grow on -Ade plates (Fig. 2B
and D; data not shown). These results suggest a role of the
GH1/GH5 domain in binding to AtPOT1b.
CoIP assays were performed using the FR1 fragment of
AtTRB1 and the full-length AtPOT1b. The FR1 fragment
co-precipitated with the myc-tagged AtPOT1b protein
(Fig. 2C). This positive result conﬁrms the above ﬁndings ob-
tained by Y2H.
In the case of AtPOT1b the following fragments were gener-
ated and cloned into pGBKT7: POT1b F2R (135–454), POT1b
FR4 (1–150) and POT1b FR5 (1–90). The PJ69-4a cells con-
taining AtTRB1 fragment F1R1 were cotransformed withr interactions in humans and plants. In humans (A), the complex of
onsists of two components that can bind telomeric dsDNA (TRF1,
th partner in shelterin is the single-stranded TTAGGG repeat-binding
it can associate with telomeres also through its interaction with TPP1.
ctionally important interactions (with Ku-proteins and telomerase) are
AtTRP1, have been identiﬁed which are able to form homodimers and
2]. Analogous to TRF2, AtTRP1 is able to interact with AtKu70 [5],
imer with telomeres via protein–protein interaction, in addition to its
he SMH family of proteins which are characterised by the N-terminal
inal coiled-coil domain [15]. These proteins form both homomeric and
in. This domain can also bind DNA in a sequence-non-speciﬁc manner
n or telomere chromatin folding [23]. In addition, SMH proteins can
T1-like proteins in Arabidopsis thaliana, which participates in telomere
N-terminal OB-fold) for interaction with both telomeric ssDNA, and
ociated state (arrows) may be important for AtPOT1b recruitment to
1a, possibly functions in telomerase regulation and recruitment [7,8,22].
opsis is similar to the situation in mice [24]. Only linear telomere
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mants containing FL, FR4 and FR5 fragments grew on -Ade
plates (Fig. 2D), however, a weak self-activation can be seen
with fragment FR4 on the control plate. When these cells were
grown on -His plates with increasing concentrations of 3-AT
the addition of 3-AT to 5 mM concentration abolished the
self-activation of FR4 whilst keeping its speciﬁc interaction
with the F1R1 fragment of AtTRB1 (Fig. 2D, right panel).
These results suggest that the AtTRB1-AtPOT1b interaction
is mediated by the binding of GH1/GH5 domain of the AtTRB
protein to the N-terminus (bearing the OB-fold domain) of the
AtPOT1b protein.4. Discussion
Our results conﬁrm previously published interactions be-
tween AtTRB proteins [16] and interactions between AtTRB1
and AtPOT1b [5]. They also provide a detailed map of those
interactions. Interactions between AtPOT1b and other mem-
bers of the Smh family (AtTRB2 and 3) are newly reported
here. The function of AtPOT1b in chromosome protection
and genome stability [6], highlights the importance of its
interactions. AtTRB proteins, the only interaction partners of
AtPOT1b identiﬁed so far, are representatives of the plant-spe-
ciﬁc Smh family of telomere-binding proteins. They have an
N-terminal myb-like domain (instead of a usual C-terminal po-
sition in TRF-like proteins), and a central GH1/GH5 domain.
The results of the assays show that AtTRB1 uses the central
GH1/GH5 histone globular domain for interaction with AtT-
RB proteins and AtPOT1b. The GH1 and GH5 sub-domains
are members of the winged helix class of DNA-binding do-
mains, although in contrast to other members of the family,
they contain a distinct, additional cluster of positively charged
amino acids. These residues form a second DNA-binding sur-
face on the opposite side of the protein to the primary DNA-
binding site [19]. Besides the ability to bind DNA, the GH5 do-
main is able to self-associate [20], which mediates AtTRB1 self-
interaction and interactions with AtTRB2, AtTRB3 and At-
POT1b. Possibly, the weak interactions of the GH1/GH5 his-
tone globular domain in AtTRB1 are of a similar nature to
GH5 hydrophobic protein–protein interactions described pre-
viously [20]. The GH1/GH5 histone globular domain can also
bind DNA in a sequence-non-speciﬁc manner, while their N-
terminal Myb-like domain [16] provides the sequence-speciﬁc
binding of AtTRB to telomeres (Mozgova et al., submitted
for publication).
The use of the same domain for interacting with diﬀerent
proteins may be of functional importance. It is not only
AtTRB1 which uses the same region to interact with all AtT-
RB proteins and AtPOT1b, but this is also observed for the
N-terminus of AtPOT1b, which bears the OB-fold domain.
This domain is thought to be involved in binding to telomere
DNA and interacting with AtTRB proteins. These overlapping
functions may be part of a regulatory mechanism, similar to
that provided by binding properties of the components of
the mammalian shelterin complex (Fig. 3). In the latter com-
plex, there is a dynamic balance between POT1 bound directly
to the telomere (to telomeric DNA) and via protein–protein
interactions [21]. In plant shelterin, diﬀerences in expression
levels of the proteins (see Supplementary ﬁgure S2) may also
participate in modulation of telomere metabolism in a tissue-and developmental stage-speciﬁc manner. The observed diﬀer-
ential tendency of AtTRB1 to form homomeric and hetero-
meric complexes with AtTRB proteins, plus the ability of
AtPOT1b to form complexes with all three tested AtTRB pro-
teins and the presence of two functionally divergent AtPOT1
proteins in A. thaliana [6–8,22] suggest that plant shelterins
are highly complex and carry features not found in animal
and fungal shelterin.
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